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达到平台期，其中吞噬 0.2 μm 微球的血细胞比例约 10.46%，吞噬 2 μm 微球的
血细胞比例约 4.74%；此外注射荧光微球的剂量也有阈值，当 0.2 μm 或 2 μm




随后我们用以微球与血细胞的比例 4000:1（0.2 μm 微球）以及 50:1（2 μm
微球）的剂量分别注射螯虾，连续观察 5 小时，对具有吞噬能力的细胞进行类
型分析。发现注射 0.2 μm 微球 5 小时后，血细胞总吞噬率为 13.49%，吞噬微
球的细胞中 99%以上是 SGC。对于 2 μm 微球而言，注射 5 小时后，血细胞总
吞噬率可达 9.09%；约有 8.11%的 SGC 和 11.00%的 GC 吞噬了微球，分别占吞
微球细胞的 58.58%和 41.42%。实验结果说明，SGC 能够吞噬大小不同的非生
物颗粒，而 GC 仅能吞噬较大的非生物颗粒。 
由于 SGC 可以分别吞噬 0.2 μm 和 2 μm 微球，为了了解吞噬两种微球的
SGC 是否是同一群细胞，我们将带红色荧光的 0.2 μm 微球和带绿色荧光的 2 
μm 微球的混合悬液注射到螯虾体内。结果显示，有 17.97%的 SGC 吞噬了 0.2 
















SGC。SGC 总吞噬率为 23.54%，接近单独注射两种颗粒时 SGC 吞噬率之和。
该结果提示 SGC 中负责吞噬两种微球的可能是不同的细胞。 
为了了解血细胞对血液中生物颗粒的吞噬情况，我们将 WSSV 病毒粒子和
大肠杆菌分别注射鳌虾，结果显示 GC 和 SGC 均可以吞入 WSSV 以及大肠杆
菌。其中吞入大肠杆菌的血细胞比例在注射 15min 之后达到高峰（%）随后逐步







































Crustacean lack adaptive immunity and immune defence mainly rely on innate 
immunity which can effectively resist the invasion of external microorganisms. It is 
well known that hemocytes, which can be classified into different groups according to 
morphological characteristics, play vital role in crustacean immunology. The 
phagocytosis of hemocytes is one of the main ways of pathogen clearance whereas 
which types of hemocytes have function of phagocytosis remain controversial. In our 
study, the cell type of hemocytes that located in different regions of the flow cytometry 
(FCM) scatter plot were confirmed with cell sorting. We confirmed that the two groups 
of hemocytes were granulocytes (GC) and semigranulocytes (SGC) with optical 
microscopy and transmission electron microscopy. To studying the phagocytosis 
function of different types of hemocytes in aspect of endocytosing different sizes of 
inorganic particles. 0.2 μm microspheres (FM) and 2 μm microspheres were injected 
into blood circulation system of Cherax quadricarinatus respectively, The phagocytosis 
ability of two types of hemocytes was calculated by statistics of flow cytometry. The 
subsequent time period trial and concentration gradient experiments defined the 
reaction time of phagocytosis and optimal injection doses respectively. It turned out 
that the reaction time of phagocytosis is 4h, and the ratio of positive cells internalizing 
0.2 μm FM was 10.46%, of 2 μm FM was 4.74%. Moreover, the optimal injection dose 
of 0.2 μm FM and 2 μm FM were 4000:1 and 50:1 respectively (FM/hemocytes), and 
the proportion of positive cells were 14.68% and 8.53%. Because the number of 
microspheres is much larger than the number of blood cells, a large proportion of 
hemocytes swallowing multiple FM can be observed, which indicated that only a small 
percentage of cells possess ability of phagocytosing FM. 
    Then, the crayfishes were injected FM with the dose of 4000:1 (0.2 μm FM) and 
50:1 (2 μm FM) respectively for 5h. The statictics of FCM were used to analysing the 
















of all hemocyte have internalized 0.2 μm FM, in which 8.11% of SGC and 11% of GC 
taked part in the phagocytosis, that accunt for 58.58% and 41.42% of phagocytes 
respectively. It showed that SGC have the capacity to engulf the different sizes of 
inorganic paticles, on the contrary, the GC can only swallow big non-biological 
granules. 
SGC can swallow 0.2 μm FM and 2 μm FM respectively, we injected mixed FM 
suspension containing 0.2 μm FM and 2 μm FM into Cherax quadricarinatus in order 
to figure out whether SGC which internalize 0.2 μm FM and SGC that engulf 2 μm FM 
were same group of cells. The results showed that, 17.9% of SGC phagocytosed 0.2 μm 
FM, 5.57% of SGC phagocytosed two FM simultaneously and there were rare SGC 
could swallow 0.2 μm FM. The phagocytic rate of SGC was 23.54%, which is nearly 
equal to the sum of SGC when injecting two FM respectively.  
In order to understand the roles of hemocytes in phagocytosing biological paticles, 
we injected WSSV and E.coli into Cherax quadricarinatus respectively. The results 
showed that both SGC and GC can internalize WSSV and E.coli. The proportion of 
blood cells that swallowed E. coli reached a peak (%) after 15 min, and the ratio of 
hemocytes that swallowed WSSV was increased in 2h, however, the quantity of 
hemocytes decreased markly after 3h. we speculate that there is a big difference 
between phagocytosing biological particles and inorganic particles. 
 























































































图 1-1  甲壳动物的先天性免疫系统[11] 
 
1.1.2.1 酚氧化酶原系统与黑化作用 























































图 1-2  节肢动物的酚氧化酶原系统[4] 
 
1.1.2.3 血蓝蛋白 
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